ABSTRACT: Twenty-four Merino lambs (mean BW 15.4 ± 0.13 kg, 6 to 7 wk old) were used to study the effects of the addition of 0 (control), 100 (V10), and 200 (V20) g of vinasse per kilgram of concentrate on intake, animal performance, biochemical blood profile, and carcass and meat characteristics. Lambs were assigned to 1 of 3 experimental diets and fed barley straw and the corresponding concentrate ad libitum. When the animals reached 25 kg of BW, a sample of blood was taken and the lambs were slaughtered. Feed intake, growth rate, biochemical blood profile, and carcass and meat characteristics were assessed. Lambs that received the concentrates with vinasse showed a reduced concentrate intake (linear contrast, P = 0.029) and ADG (linear contrast, P = 0.004) and an increased length of fattening period (linear contrast, P = 0.002) as well as feed:gain ratio (linear contrast P = 0.011). Vinasse enhanced ruminal pH (orthogonal contrast control vs. V10 + V20; P = 0.007). Plasma glucose concentrations declined in lambs fed vinasse (linear contrast, P = 0.003), whereas plasma urea concentration increased in animals fed vinasse (linear contrast, P = 0.036). The plasma concentrations of creatinine, triglycerides, and lactate and the enzyme profile studied (alkaline phosphate, alanine transaminase, glutamate oxal-acetate transaminase, γ-glutamyl transpeptidase, and lactate dehydrogenase) were not modified in response to vinasse inclusion. Lambs in the vinasse groups had less Na + and nitrate and greater K + and nitrite plasma concentrations (linear contrasts, P < 0.05). None of the carcass characteristics studied was affected by vinasse (P > 0.10). Meat chemical composition and characteristics were unaffected (P > 0.10), but shear force was greater for lambs that received vinasse (orthogonal contrast, control vs. V10 + V20, P = 0.007). The addition of 100 or 200 g vinasse/kg of concentrate for fattening lambs reduced feed intake and growth rate and increased the feed:gain ratio and meat toughness without affecting any other carcass and meat characteristics.
INTRODUCTION
Vinasse (condensed molasses solubles) is a coproduct generated by the fermentation of molasses to obtain alcohol, citric acid, yeasts, and other substances in the sugar industry (Fernández et al., 2009) . Feeding coproducts to animals uses products that would otherwise be considered as waste and reduces the dependence of livestock on feeds that could be consumed by humans (Bampidis and Robinson, 2006) . Vinasse provides NPN (mainly betaine, glutamic acid, and ammonia), which makes it an appropriate ingredient for feeding to ruminants. Although the chemical composition of vinasse can vary depending on the process by which it is obtained (e.g., drying, adding nitric acid, or adding sulfuric acid), it remains constant within the same process and is expressed on a DM basis. Unless a depotassification process is carried out, vinasse has an increased potassium content (Troccon and Demarquilly, 1989; Stemme et al., 2005) , although the use of magnesium supplements or salt blocks could counteract its possible negative effects (Underwood and Suttle, 2001) .
Even with the same type of vinasse, the results depend on the type of animal, the diet, and the amount of inclusion (Karalazos and Swan, 1977; Manfredini and Cavani, 1979b; Troccon and Demarquilly, 1989; Fernández et al., 2009 ). Because of a lack of definitive reports in feedlot lambs, the recommended inclusion of Vinasse added to the concentrate for fattening lambs: Intake, animal performance, and carcass and meat characteristics 1 Ó. López-Campos, R. Bodas, 2 N. Prieto, P. Frutos, S. Andrés, and F. J. Giráldez
Instituto de Ganadería de Montaña, Consejo Superior de Investigaciones Científicas (CSIC)-Universidad de León, Finca Marzanas, E-24346 Grulleros, León, Spain this coproduct, based on the precautionary principle, is as low as 1% of the diet (FEDNA, 2003) , but the use of vinasse at greater amounts (up to 20%) could increase the supply of N (thus reducing the use of expensive protein supplements, such as soybeans) while facilitating concentrate feed manufacturing (preventing dust and enhancing pellet compactness). It is hypothesized that up to 20% vinasse can be used in lamb finishing diets without negatively affecting animal health and performance. The aim of this work was to study the effects of 2 inclusion amounts of beet vinasse [the greatest reported in the literature (200 g/kg of concentrate), and one-half this amount (100 g/kg of concentrate)] in the concentrate for fattening lambs on feed intake, BW gain, biochemical blood profile, and carcass and meat characteristics.
MATERIALS AND METHODS
All handling practices followed the recommendations of the European Council Directive 86/609/EEC for the protection of animals used for experimental and other scientific purposes, and all the animals used were able to see and hear the other sheep.
Animals and Diets
Twenty-four male Merino lambs (mean BW of 15.4 ± 0.13 kg, 6 to 7 wk old at the beginning of the study) were divided into 3 experimental groups (n = 8), according to the different inclusion amounts of vinasse (590 g of DM/kg; 244 g of ash/kg of DM, 253 g of CP/kg of DM, 2.26 MCal of ME/kg of DM) in the concentrate: 0 (control), 100 (V10), and 200 (V20) g of vinasse/kg of concentrate. The type of vinasse used for the purposes of this experiment was obtained from the alcoholic fermentation of molasses, using sulfuric acid as pH stabilizer. The lambs were kept with their mothers until weaning, with free access to a commercial starter concentrate, barley straw, and alfalfa hay until the commencement of the trial. They were dewormed with ivermectin (Ivomec, Merial Laboratories, Barcelona, Spain) and vaccinated against enterotoxemia (Miloxan, Merial Laboratories). The lambs were then penned individually.
After 5 d of adaptation to the control diet (barley straw and concentrate without vinasse), the lambs were fed barley straw (long form, 30 mm) and the corresponding experimental concentrate ad libitum (which is the usual intensive rearing system for fattening lambs in the Mediterranean area). Concentrate and forage were supplied in separate feeding troughs, and fresh drinking water was always available. The composition of the concentrate feeds is shown in Table 1 . The amount of feed offered was adjusted daily on the basis of the intake on the previous day, allowing refusals of approximately 200 g/kg of feed offered. Samples of the feeds offered and orts were collected daily, pooled in weekly composites for each animal, and analyzed for DM content.
Slaughter and Carcass Measurements
Body weight was recorded twice per week before the morning feeding until the lambs reached 24 kg, and then BW was recorded 3 times per week until 25 kg or more was recorded. When an animal reached the intended BW (approximately 25 kg), feed and water were withdrawn, and after 1 h, the lamb was weighed again and 2 blood samples were collected, one into 10-mL Vacutainer tubes containing EDTA and a second into 10-mL Vacutainer tubes containing lithium heparin (BD Vacutainer, Plymouth, UK). The animal was immediately stunned and slaughtered by exsanguination from the jugular vein, and was then eviscerated and skinned. Dressed carcass and noncarcass components (ColomerRocher et al., 1988) were obtained from the whole body of each lamb and were weighed separately. A sample of rumen fluid was taken and strained through 2 layers of cheesecloth, and the pH was immediately measured. The carcass was chilled at 4°C for 24 h and then weighed again; the chilling losses were calculated as the difference between HCW and cold carcass weights (CCW), expressed as a proportion of the initial HCW. The dressing percent was calculated as CCW and expressed as the proportion of BW recorded just before slaughtering.
Some carcass dimensions (carcass internal length, pelvic limb length, buttock width and perimeter, and chest width) were measured and indices of carcass compactness (CCW/carcass internal length, g/cm) and leg compactness (buttock width/pelvic limb length) were calculated (Boccard et al., 1964) . The left side of each carcass was jointed into commercial cuts according to the method of Colomer-Rocher et al. (1988) and grouped as suggested by Díaz et al. (2002) into first grade (leg, loin, and best end), second grade (shoulder), and third grade (breast and scrag end). Each category was weighed to assess its proportion in the carcass. Thereafter, the shoulder was dissected into bone and lean and fat depots to determine the tissue composition of the carcass (Fisher and de Boer, 1994) . The right side, containing the tail, was minced, mixed, and homogenized in a commercial blender, and samples were taken and stored at −30°C until lyophilized (FTS-Lyostar, Stone Ridge, NY) for chemical analysis.
Meat Measurements
Meat quality was evaluated in the musculus longissimus thoracis et lumborum of the left half carcass. Thus, at 0 and 45 min postmortem, pH was measured at the 6th rib using a Metrohm pH meter (Metrohm, Zofingen, Switzerland) equipped with a penetrating electrode and a temperature probe. At 24 h, the rib joint (from the 6th rib onward) was cut at the level of the 13th rib, and pH and color were measured at the 6th-rib site. The CIELAB system (CIE, 1986) was used to determine color parameters using a Minolta CM-2002 chromameter (Konica-Minolta Sensing Inc., Munich, Germany). Chroma and hue were calculated using CIE L*a*b* coordinates (D65, 10°, where L* refers to lightness, a* refers to redness, and b* refers to yellowness). The musculus longissimus thoracis et lumborum was dissected and weighed, and a subsample of musculus longissimus thoracis was taken to determine its water-holding capacity, measured as pressure losses, as described by Grau and Hamm (1953) and modified by Sañudo et al. (1996) . The remaining portion was stored at −30°C until cooking losses and instrumental texture measurements were made. The cooking losses were calculated on thawed meat samples after cooking in a 75°C water bath until the center of the sample reached 70°C. Cooked muscle cores with a cross-section of 10 mm 2 and 20 mm in length were cut parallel to the muscle fibers, and the shear force was measured using a Warner-Bratzler device mounted on a Texture Analyzer QTS 25 (CNS Farnell, Borehamwood, UK). The musculus longissimus lumborum was stored at −30°C until the chemical analyses were performed.
Analytical Procedures
The procedures described by AOAC (2003) were used to determine DM, ash, and CP in the feed, carcass, and musculus longissimus lumborum samples, and the collagen content in meat was also measured. Neutral detergent fiber was determined in feed samples by the method of Van Soest et al. (1991) . In situ transesterification of fatty acids was performed following the method described by Carrapiso et al. (2000) , using 300 mg of freeze-dried and minced musculus longissimus lumborum. Methyl esters of fatty acids were quantified using a Perkin-Elmer Auto Sys-XL gas chromatograph (Perkin-Elmer, Wellesley, MA) with a capillary column (30 m × 0.25 mm × 0.25 µm, Tracsil Tr-Wax-Omega, Teknokroma, Barcelona, Spain).
Mineral analyses in feeds and meat were conducted by acidifying ash (AOAC, 2003) and then analyzing for Cu, Fe, Mg, Mn, P, Zn, Ca, K, and Na using a Perkin-Elmer Optima 2000DV inductively coupled plasma atomic emission spectrophotometer.
The blood samples collected in EDTA tubes were assayed for hematological variables within 1 h of the time of collection by using an electronic cell counter (Cell Analyzer CA530, Medonic, Bromma, Sweden), and pH, hematocrit, partial pressure of CO 2 , and other indicators of acid-base status, such as base excess in blood and base excess in extracellular fluid, were measured using a blood analyzer (Stat Profile pHOx Plus, Nova Biomedical, Waltham, MA). The blood samples collected in lithium heparin tubes were immediately placed in iced water and centrifuged at 1,000 × g for 10 min at 
Statistical Analysis
Average daily BW gain was estimated as the regression coefficient (slope) of BW against time using the REG procedure (SAS Inst. Inc., Cary, NC). The data were subjected to ANOVA, with the inclusion amount of vinasse in the concentrate as the fixed effect and the animal as the random effect, using the MIXED procedure of SAS. Polynomial contrasts (linear and quadratic) and an orthogonal contrast (control vs. V10 + V20) were used to test the effects of vinasse supplementation.
RESULTS
Lambs who received the concentrates with vinasse showed a reduced concentrate intake (linear contrast, P = 0.029) and an increased barley straw intake (orthogonal and linear contrasts, P = 0.005). Consequently, total daily DMI tended to be less in the V20 group compared with the control group, whereas V10 animals showed intermediate values (Table 2 ; linear contrast, P = 0.046). Compared with the control group, the greatest inclusion of vinasse (V20) significantly reduced ADG and increased the duration of the fattening period as well as the feed:gain ratio, whereas the V10 group showed intermediate values (Table 2 ; linear and quadratic contrasts, P < 0.05, and control vs. V10 + V20 contrast, P < 0.010).
As shown in Table 3 , each inclusion amount of vinasse significantly enhanced ruminal pH (linear contrast, P = 0.015, and control vs. V10 + V20 contrasts, P = 0.007). Regarding the plasma biochemical variables, glucose concentrations decreased when vinasse was added to the concentrate (linear contrast, P = 0.003, and control vs. V10 + V20 contrasts, P = 0.001), whereas only V20 increased the plasma urea concentration (linear contrast, P = 0.036). The concentrations of creatinine, triglycerides, lactate, and the enzymes studied (ALP, alanine transaminase, glutamate oxal-acetate transaminase, γ-glutamyl transpeptidase, and LDH) were not modified in response to vinasse inclusion.
Lambs in the V20 group had decreased Na + and greater K + plasma concentrations (linear contrast, P < 0.05) compared with those of control lambs. Calcium and Cl concentrations did not vary because of the presence of vinasse, whereas the concentration of nitrates decreased (linear contrast, P = 0.025) and that of nitrites significantly increased (linear contrast, P = 0.006, and control vs. V10 + V20 contrasts, P = 0.020) in lambs supplemented with vinasse. The anion gap was unaffected (Table 3) .
None of the carcass characteristics studied (Table 4 : weight and measurements, proportion of cuts, and tissue composition; Table 5 : chemical composition) were affected by the inclusion of vinasse in the concentrate.
Regarding meat characteristics (Table 6 ), even though the pH at slaughter (0 h) did not vary among the treatments, the pH at 45 min after slaughter was greater in lambs supplemented with V10 (quadratic contrast, P = 0.040, and control vs. vinasse contrast, P = 0.021). Color parameters, water-holding capacity, and cooking losses were unaffected by the addition of vinasse. With regard to texture, the shear force was greater in both the V10 and V20 groups (linear contrast, P = 0.090, and control vs. vinasse contrast, P = 0.007). Table 7 shows the meat fatty acid composition. As can be observed, the addition of either 100 or 200 g of vinasse/kg of concentrate did not significantly affect the fatty acid profile of the lamb meat. 
DISCUSSION

Voluntary Intake
Because vinasse was added to a standard diet for fattening lambs, this addition necessarily entails changes in protein and energy contents (an increase and a decrease, respectively). Therefore, the results observed in the present study could be due to the supply of nutrients (e.g., protein, minerals, nitrites) by vinasse and to the reduction in the energy content of the diet. Nevertheless, protein content for all the diets was formulated to allow maximum growth rates for this type of animal.
In the current study, we observed a reduction in the intake of concentrate by animals fed vinasse: the greater the amount of vinasse added to the concentrate, the less the intake, which could be due to the amount of K in the vinasse. Decreases in the amount of voluntary intake and in growth were observed in studies with calves fed concentrate with a K content of 60 g of K/kg of DM (Wythes et al., 1978) , which are usually present in forages from intensive farming or in beet molasses. In our study, although the amount of K in the concentrate increased together with the volume of vinasse added, the maximum content was 17.5 g of K/kg of DM, much less than that reported by Wythes et al. (1978) . Additionally, the average amount of K consumed by each animal in the current study was 12 g/d, less than that considered potentially toxic (30 to 40 g of K/d) for sheep (Underwood and Suttle, 2001) . Nevertheless, the fact that vinasse contributes other minerals besides K, such as Na, which can change the osmotic pressure and, consequently, the intake (Bergen, 1972; Masters et al., 2005) , must be taken into account. On the other hand, Fernández et al. (2003) observed that supplementing cereal straw with vinasse increased the total intake and decreased the BW loss in sheep in comparison with animals that did not consume this coproduct. In the latter study, the ewes received a diet based exclusively on barley straw; therefore, supplementation with vinasse would have improved the supply of protein, increasing the degradability of straw in the rumen and the voluntary intake (Fernández et al., 2003) .
Daily BW Gain and Feed:Gain Ratio
The decrease in daily BW gain in the animals consuming vinasse could be due to a reduction in the energy intake. Indeed, the plasma concentration of glucose was less in the lambs that received vinasse, which could suggest a decrease in the contribution of glucose or glycogenic substrates.
Experiments carried out with fattening steers showed a greater daily BW gain when 12% of vinasse was included in the concentrate, an effect the authors attributed to improved nutrient utilization caused by the vinasse (Krzeminski et al., 1984) . Manfredini and Cavani (1979a,b) did not observe changes in the daily BW gain when 5 and 10% of vinasse were added to the concentrate for lambs, but they reported an increase in the feed:gain ratio in animals that consumed 10% of vinasse. It must be pointed out that the vinasse used in these studies was previously depotassified, which could explain the differences with our results.
Biochemical Blood Profile
Fattening lambs receive high-concentrate (acidogenic) diets, which could affect liver and kidney function (e.g., increasing blood LDH; Owens et al., 1998) . Likewise, including vinasse in these diets has an effect on mineral, nitrate and nitrite contents. A chronically high mineral or nitrate intake could impair liver function (e.g., increasing ALP; Ogur et al., 2005) . Moreover, ruminants have the ability to transform nitrates into ammonia, which is then absorbed and which could Vinasse for fattening lambs therefore affect hepatic and kidney functionality and change urea plasma concentrations. The concentrates used in the present study showed different electrolytic balances as a consequence of the greater K and Na contents of vinasses. Consequently, the plasma concentration of K also increased in the lambs supplemented with V20, and as the plasma K concentration increased, the Na concentration decreased, compensating for the effect on the cationicanionic balance. Moreover, although increased Na intakes are tolerated when pure water is available, the mechanisms controlling K excess are not as effective as those for Na, and the plasma K concentration increases in response to increases in dietary K (Underwood and Suttle, 2001) .
Despite the lack of effects on the acid-base status of the blood (data not shown), the experimental treatments affected the pH of ruminal fluid: animals fed vinasse showed significantly greater blood pH values compared with those of the control group. These differences could be related to the differences observed in feed intake (Robinson et al., 1986) .
Regarding nitrate plasma concentrations, lambs in the control group showed greater values than those in the V20 group, whereas the animals supplemented with V10 showed intermediate values. On the contrary, the nitrite concentrations varied in an inverse manner. Consequently, differences between the treatments disappeared when the total concentration of both anions was considered. This lack of differences in the total nitrate and nitrite concentrations, in spite of their greater concentrations in the diets, could be due to their metabolism within the rumen. These compounds are transformed into ammonia in the rumen, which can be used by ruminal microorganisms for protein synthesis or absorbed through the ruminal wall to reach the liver and be transformed into urea (Cawley and Collings, 1977) . Thus, in the present study, animals in the V20 group showed the greatest concentration of urea in the plasma compared with control or V10 lambs. Moreover, the addition of vinasse is considered to provide RDP (mainly in the form of AA), which contributes to ammonia, and therefore to urea production. Nevertheless, in the enzymatic profile, creatinine, lactate, and triglyceride concentrations were not affected by treatments; the values observed in this study were within the range considered normal and published in the literature for lambs reared under similar conditions (Normand et al., 2001; Burkhard and Garry, 2004; Antunovic et al., 2005) .
Carcass and Meat Characteristics
The differences in macronutrient contents observed between the diets were not sufficient to affect the carcass characteristics, probably because of the relatively short length of the fattening period of the animals and because all of the animals were slaughtered at the same BW. The values observed for the carcass characteristics were within the range reported by other authors (Rodríguez et al., 2008; Manso et al., 2009) . Priolo et al. (2002) observed that as the growth rate decreased, the pH of the meat tended to be lower. These authors did not find any explanation for this, but the animals with lower pH had greater percentages of carcass fat. Hence, not only the growth rate, but also the fatness grade modifies the final pH in meat (Wulf et al., 1997; Page et al., 2001) . It is noteworthy that in the present study, the control lambs showed a more marked decline in pH during the first 45 min after slaughter, although no relationship was observed with the fatness grade of either the carcass or musculus longissimus dorsi.
Because vinasse is not an important source of fatty acids in the diet (having an almost negligible fat content; FEDNA, 2003) , no effects on meat fatty acid composition would be expected because of changes in the fatty acid profile of the diet, as observed in the present work.
The inclusion of vinasse in the concentrate negatively affected meat tenderness, which is one of the most important organoleptic characteristics of meat (Koohmaraie, 1990 ). An increase in the collagen content and a decrease in its solubility contribute to greater meat toughness (Bailey, 1985) . Additionally, growth rate influences the proportions of soluble and insoluble collagen, resulting in a greater daily BW gain from the increased soluble fraction (Cañeque et al., 2001; Sylvestre et al., 2002) . Thus, lambs with a greater daily BW gain will produce more tender meat. In the current study, although the growth rate explained only 30% of the variation observed in shear force, a negative relationship was observed between daily BW gain and the toughness of meat (r = −0.57), and a positive correlation was observed between daily BW gain and the ratio of soluble to insoluble collagen (r = 0.55). However, the toughness and the ratio of soluble to insoluble collagen were not significantly correlated (r = 0.09). This could be due to a greater proportion of insoluble collagen, but also to a decreased content of total collagen in lambs fed vinasse; hence, the insoluble collagen content was similar between the experimental groups (7.47, 7.41, and 7.51 g/kg of DM for the control, V10, and V20 groups, respectively).
Although the chemical composition of vinasse can vary because of the extraction process, the mineral (K and Na) content is mainly affected. Sheep are known to tolerate greater amounts of minerals (e.g., Na, K, Mg; Crawshaw, 2001) , so the effects resulting from its variable composition (as occurs with other feeds) should not substantially change the application of the results showed herein.
Conclusions
The addition of 100 or 200 g of vinasse/kg of concentrate for fattening lambs reduced feed intake and growth rate and increased the feed:gain ratio and meat toughness, without affecting any other carcass or meat characteristics. The optimal amount of inclusion with positive effects (supply of N) and without negative effects (feed intake and ADG) could be greater than the 1% recommended in formulation tables but less than the 10% used in the present study. Practical recommendations depend on prices and the availability of other sources of protein, but they could include the use of vinasse without any adverse effects on animal health at the smallest dose used in the present experiment (10%).
